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SUBJECT:  Lake  Hannibal  Estates  Upper  Dam  Phase  I  Inspection  Report 


This  report  represents  the  results  of  field  inspection  and  evaluation  of 
the  Lake  Hannibal  Estates  Upper  Dam  (MO  11185). 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal 
Dams. 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis 
District  as  a  result  of  the  application  of  the  following  criteria: 

a.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum  Flood 
without  overtopping  the  dam. 

b.  Overtopping  of  the  dam  could  result  in  failure  of  the  dam. 

c.  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream. 
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ASSESSMENT  SUMMARY 


Name  of  Dam  Lake  Hannibal  Estates  Upper  Dam 

State  Located  Missouri 

County  Located  Ralls  County 

Stream  Big  Creek 

Date  of  Inspection  October  8,  1980 


Lake  Hannibal  Estates  Upper  Dam  was  inspected  by  an  interdisciplinary 
team  of  engineers  from  Hoskins-Western-Sonderegger ,  Inc.  The  purpose  of 
the  inspection  was  to  make  an  assessment  of  the  general  conditions  of  the 
dam  with  respect  to  safety,  based  upon  available  data  and  visual  inspec¬ 
tion,  in  order  to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with  the  help 
of  several  Federal  and  State  agencies,  professional  engineering  organiza¬ 
tions,  and  private  engineers. 

Lake  Hannibal  Estates  Upper  Dam  has  a  height  of  nineteen  (19)  feet 
and  a  storage  capacity  at  the  minimum  top  elevation  of  the  dam  of  one 
hundred  ninety-four  (194)  acre-feet.  In  accordance  with  the  guidelines, 
a  small  size  dam  has  a  height  greater  than  or  equal  to  twenty-five  (25) 
feet  but  less  than  forty  (40)  feet  and  a  storage  capacity  greater  than 
or  equal  to  fifty  (50)  acre-feet  but  less  than  one  thousand  (1,000)  acre- 
feet.  The  size  classification  is  determined  by  either  the  storage  capa¬ 
city  or  height,  whichever  gives  the  larger  size  category.  Lake  Hannibal 
Estates  Upper  Dam  is  classified  as  a  small  size  dam. 

In  accordance  with  the  guidelines  and  based  on  visual  observation, 
the  dam  is  classified  as  having  a  high  hazard  potential.  Failure  would 
threaten  life  and  property.  The  estimated  damage  zone  extends  approxi¬ 
mately  three  (3)  miles  downstream  of  the  dam.  Within  the  damage  zone 
are  another  dam  (MO  10061)  at  three-tenths  of  a  mile  downstream;  Highway 
H  at  four-tenths  of  a  mile  downstream;  several  camp  trailers,  a  barn  and 
a  house  located  between  the  lower  dam  and  Highway  H;  a  trailer  home  and 
a  house  under  construction  at  one-half  mile  downstream;  a  house  at  two 
and  nine-tenths  miles  downstream,  and  a  garage  and  trailer  home  at  three 
miles  downstream. 

Our  inspection  and  evaluation  indicates  that  the  spillways  do  not 
meet  the  criteria  set  forth  in  the  recommended  guidelines  for  a  small  dam 
having  a  high  hazard  potential.  Considering  the  small  volume  of  water 
impounded  and  the  reservoir  and  dam  (MO  10061)  immediately  downstream, 
one  half  of  the  Probable  Maximum  Flood  is  the  appropriate  spillway  design 


flood.  The  hydraulic/hydrologic  analyses  based  on  the  adjustable  "goose¬ 
neck"  type  inlet  being  set  at  invert  elevation  of  97.0  indicate  that  the 
spillways  will  not  pass  the  100-year  flood  [1%  probability  flood  -  a 
flood  having  a  one  percent  chance  of  being  exceeded  in  any  one  year) 
without  overtopping  the  dam.  The  spillway  will  pass  14%  of  the  Probable 
Maximum  Flood  and  the  10-year  flood  (a  flood  having  a  ten  percent  chance 
of  being  exceeded  in  any  one  year)  without  overtopping  the  dam.  The 
Probable  Maximum  Flood  is  defined  as  the  flood  that  may  be  expected 
from  the  most  severe  combination  of  critical  meteorologic  and  hydro- 
logic  conditions  that  are  reasonable  possible  in  the  region. 

Rotation  of  the  "gooseneck"  type  inlet  to  its  highest  invert  eleva¬ 
tion  of  99.0  would  result  in  the  spillways  not  being  able  to  pass  the 
10-year  flood  without  overtopping  the  dam.  Failure  of  the  spillways 
to  pass  the  10-year  flood  would  change  the  classification  of  the  dam 
from  Unsafe-Non-emergency  to  Unsafe-Emergency. 

This  dam  appears  to  be  in  excellent  structural  condition.  The 
deficiencies  noted  are  inadequate  spillway  capacity,  the  lack  of  seepage 
and  stability  analyses  as  required  by  the  guidelines  for  all  dams  having 
a  high  hazard  potential,  some  erosion  of  the  upstream  slope  and  an  open 
excavation  along  the  left  side  of  the  principal  spillway  conduit.  The 
adjustable  "gooseneck"  type  inlet  is  also  considered  a  deficiency  since 
rotation  of  the  invert  upwards  increases  the  possibility  of  overtopping 
of  the  dam. 

Minimal  design  data  were  available  for  this  dam.  Based  on  the  data 
available  and  on  the  observations  made  during  the  field  inspection  of  the 
dam,  the  following  remedial  measures  should  be  performed  under  the  guid¬ 
ance  of  a  professional  engineer  experienced  in  the  design  and  construction 
of  dams: 

a.  Alternatives. 

(1)  The  emergency  spillway  size  and/or  the  height  of  dam  should 
be  increased  to  pass  50%  of  the  Probable  Maximum  Flood  with¬ 
out  overtopping.  In  either  case  the  spillway  should  be 
protected  to  prevent  erosion. 

b.  Operation  and  Maintenance  Procedures. 

(1)  Seepage  and  stability  analyses  comparable  to  the  require¬ 
ments  of  the  recommended  guidelines  should  be  performed  by 
an  engineer  experienced  in  the  design  and  construction  of 
dams. 


(2)  Measures  should  be  taken  to  repair  present  erosion  and  to 
stabilize  the  upstream  slope. 


(3)  The  excavation  to  uncover  the  valve  on  the  2-inch  outlet 
pipe  should  be  filled  and  stabilized.  The  outlet  pipe 
should  be  maintained  and  operated  periodically. 

(4)  Measures  should  be  taken  to  assure  that  the  elevation  of 
the  invert  of  the  principal  spillway  inlet  does  not  exceed 
97.0. 

(5)  Maintenance  of  the  vegetation  on  the  embankment  and  emer¬ 
gency  spillway  is  excellent  and  should  be  continued. 

(6)  A  trash  rack  should  be  installed  on  the  principal  spillway 
inlet  to  help  in  keeping  the  spillway  open. 

(7)  Periodic  inspections  of  the  dam  should  be  made  and  recorded 
as  part  of  this  project  file. 


E-3703 


Hoskins-Western-Sonderegger,  Inc. 


PHOTO  NO.  1  -  OVI.KVJIW 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
LAKE  HANNIBAL  ESTATES  UPPER  DAM  -  MO  -  11185 
RALLS  COUNTY,  MISSOURI 

SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army  through  the  Corps  of  Engineers, 
to  initiate  a  program  of  safety  inspection  of  dams  throughout  the 
United  States.  Pursuant  to  the  above,  the  St.  Louis  District, 

Corps  of  Engineers,  District  Engineer  directed  that  a  safety  in¬ 
spection  of  Lake  Hannibal  Estates  Upper  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to  make 
an  assessment  of  the  general  condition  of  the  dam  with  respect  to 
safety,  based  upon  available  data  and  visual  inspection,  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were  fur¬ 
nished  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers,  in  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams",  Appendix  D  to  "Report  of  the  Chief  of  Engineers  on  the 
National  Program  of  Inspection  of  Dams",  dated  May,  1975,  and 
published  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances. 

(1)  Embankment.  The  dam  is  an  earth  fill  structure  approximately 
600  feet  in  length  and  19  feet  in  height  with  a  maximum 
storage  capacity  at  the  minimum  top  elevation  of  dam  of  194 
acre-feet.  The  dam  impounds  recreational  water  for  a  hou¬ 
sing  development.  Immediately  downstream  (approximately 
1500  feet)  is  another  dam  (MO  10061).  The  impounded  water 

in  the  lower  reservoir  encroaches  upon  the  downstream  toe 
of  this  dam.  Both  dams  are  owned  by  the  same  developer. 

(2)  Principal  Spillway.  The  principal  spillway  was  designed  by 
SCS  as  a  hood  inlet  type  spillway  with  no  control  feature. 
During  construction  the  hood  was  replaced  with  a  "gooseneck" 
type  corrugated  metal  pipe  inlet  which  can  be  rotated  in 
order  to  adjust  the  level  of  the  water  in  the  reservoir. 


-1- 


(a)  Inlet  Structure.  The  "gooseneck"  type  inlet  is  con¬ 
structed  of  24-inch  diameter  corrugated  metal  pipe 
and  is  attached  to  the  inlet  end  of  the  conduit  by  a 
24-inch  length  corrugated  metal  pipe  band  with  manually 
tightened  bolts.  The  effective  invert  elevation  of 
the  inlet  can  be  raised  by  loosening  the  bolts  and 
rotating  the  inlet.  The  “gooseneck"  type  inlet  is 
shown  in  Photo  No.  6. 

(b)  Conduit.  The  principal  spillway  conduit  is  24-inch 
corrugated  metal  pipe  having  a  length  of  135  feet.  The 
inlet  invert  elevation  for  the  conduit  is  97.0,  and  the 
outlet  invert  is  at  elevation  83.6.  The  SCS  plan  shows 
that  the  conduit  is  equipped  with  two  anti-seep  collars. 

(c)  Stilling  Basin.  The  upper  end  of  the  lower  reservoir 
{MO  10061)  serves  as  a  stilling  basin. 

(3)  Emergency  Spillway.  The  uncontrolled  vegetated  earth  emer¬ 
gency  spillway  is  cut  through  the  right  abutment.  The  bot¬ 
tom  width  is  approximately  60  feet,  and  the  side  slopes  vary. 

A  road  across  the  entrance  char  el  serves  as  an  outlet  control . 
There  is  a  training  dike  on  the  left  side  of  the  exit  channel. 
The  emergency  spillway  profile  is  shown  on  Plate  C-2. 

(4)  Low-Level  Outlet.  The  only  low-level  outlet  is  a  2-inch 
pipe  through  the  dam  with  a  valve  at  the  downstream  end. 

(5)  Pertinent  physical  data  are  given  in  paragraph  1.3. 

b.  Location.  The  dam  is  located  within  the  corporate  limits  of 
Rensselaer  in  the  north  central  part  of  Ralls  County,  Missouri, 

as  shown  on  Plate  A-2.  The  dam  is  shown  on  Plate  A-l  in  the  NW  1/4 
of  Section  11,  T56N,  R6W. 

c.  Size  Classification.  Criteria  for  determining  the  size  classi¬ 
fication  of  dams  and  impoundments  are  presented  in  the  guidelines 
referenced  in  paragraph  1.1c  above.  This  dam  has  a  height  of  19 
feet,  a  storage  capacity  of  194  acre-feet  and  is  classified  as  a 
small  size  dam.  A  small  size  dam  has  a  height  greater  than  or 
equal  to  25  feet  but  less  than  40  feet  and  a  storage  capacity 
greater  than  or  equal  to  50  acre-feet  but  less  than  1,000  acre- 
feet.  The  size  classification  is  determined  by  either  the  stor¬ 
age  or  height,  whichever  gives  the  larger  size  category. 

d.  Hazard  Classification.  Guidelines  for  determining  hazard  classi- 
fi cation  of  dams  and  impoundments  are  presented  in  the  guidelines 
as  referenced  in  paragraph  1.1c  above. 
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Aerial  photographs  of  the  downstream  damage  zone  of  this  dam 
were  taken  in  October,  1980.  These  photographs  were  used  as 
reference  in  the  field  observations  of  the  damage  zone  which 
were  made  during  the  inspection.  Based  on  the  field  observa¬ 
tions  and  on  the  referenced  guidelines  this  dam  is  in  the  High 
Hazard  Potential  Classification.  The  estimated  damage  zone 
extends  approximately  three  miles  downstream  of  the  dam.  Within 
the  damage  zone  are  another  dam  (MO  10061)  at  three-tenths  of 
a  mile  downstream;  Highway  H  at  four-tenths  of  a  mile  downstream; 
several  camp  trailers,  a  barn  and  a  house  located  between  the 
lower  dam  and  Highway  H;  a  trailer  home  and  a  house  under  con¬ 
struction  at  one-half  mile  downstream;  a  house  at  two  and  nine- 
tenths  miles  downstream, and  a  garage  and  trailer  home  at  three 
miles  downstream. 

e.  Ownership.  The  dam  is  owned  by  Lake  Hannibal  Estates,  P.0.  Box 
430,  Hannibal,  Missouri  63401,  c/o  Tom  Hulse. 

f.  Purpose  of  Dam.  The  dam  was  constructed  to  impound  water  for 
recreational  purposes. 

g.  Design  and  Construction  History.  Rudimentary  design  assistance 

was  provided  by  the  Soil  Conservation  Service,  New  London,  Missouri. 
One  plan  sheet  prepared  by  SCS  is  included  within  this  report  as 
Plate  C-3  in  Appendix  C.  The  dam  was  constructed  in  1968. 

h.  Normal  Operating  Procedure.  The  pool  level  is  controlled  by 
rainfall,  infiltration,  evaporation,  and  the  capacity  of  the 
uncontrolled  spillways.  The  volume  of  water  impounded  can  be 
increased  by  rotation  of  the  "gooseneck"  type  inlet  upward  so 
that  the  invert  elevation  of  the  inlet  is  higher  than  the  invert 
elevation  of  the  conduit  to  which  it  is  connected. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  306  acres  (0.478  square  miles),  from  SCS  Plans. 

b.  Discharge  at  Damsite. 

(1)  All  discharges  at  the  damsite  are  through  the  following: 

(a)  A  24-inch  diameter  principal  spillway  consisting  of  a 

corrugated  metal  pipe  conduit  equipped  with  a  "gooseneck" 
type  corrugated  metal  pipe  inlet.  The  inlet  can  be 
manually  rotated  in  order  to  impound  water  above  the 
invert  elevation  of  the  conduit  to  which  the  inlet  is 
connected.  The  spillway  is  uncontrolled  after  the 
invert  elevation  of  the  inlet  has  been  set. 
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(b)  An  uncontrolled,  vegetated  earth  channel  emergency 
spillway. 

(2)  Estimated  maximum  flood  at  damsite  --  unknown. 

(3)  The  principal  spillway  capacity  varies  from  0  c.f.s.  at 
elevation  97.0  feet  to  14  c.f.s.  at  the  crest  of  the  emer¬ 
gency  spillway  (elevation  99.2  feet)  to  36  c.f.s.  at  the 
minimum  top  of  dam  (elevation  100.2  feet). 

(4)  The  emergency  spillway  capacity  varies  from  0  c.f.s.  at 
its  crest  (elevation  99.2  feet)  to  100  c.f.s.  at  the  mini¬ 
mum  top  of  dam  (elevation  100.2  feet). 

(5)  Total  spillway  capacity  at  the  minimum  top  of  dam  is  136 
c.f.s.  ±. 

c.  Elevations  (feet  -  SCS  Plans) . 

(1)  Observed  pool  -  96.0 

(2)  Normal  pool  -  97.0 

(3)  Spillway  crests 
Principal  -  97.0 
Emergency  -  99.2 

(4)  Maximum  experienced  pool  -  99. 7±  (based  on  statement  by 

Mr.  Hulse  that  the  spillway 
operated  in  1973  with  flow  depth 
of  6  inches.) 

(5)  Top  of  dam  (minimum)  -  100.2 

(6)  Streambed  -  81.5 

(7)  Maximum  Tailwater  -  unknown 

d.  Reservoir.  Length  (feet)  of  pool 

(1)  At  principal  spillway  crest  -  2100± 

(2)  At  emergency  spillway  crest  -  2350± 

(3)  At  top  of  dam  (minimum)  -  2450+ 
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e.  Storage  (Acre-feet) . 

(1)  Observed  pool  -  95± 

(2)  Normal  pool  -  115+ 

(3)  Spillway  crests 
Principal  -  115+ 

Emergency  -  165± 

(4)  Maximum  experienced  pool  -  180± 

(5)  Top  of  dam  (minimum)  -  194+ 

f .  Reservoir  Surface  (Acres) . 

(1)  Observed  pool  -  18± 

(2)  Normal  pool  -  20± 

(3)  Spillway  crests 
Principal  -  20+ 

Emergency  -  26± 

(4)  Maximum  experienced  pool  -  28+ 

(5)  Top  of  dam  (minimum)  -  31± 

g.  Dam. 

(1)  Type  -  Earth  fill 

(2)  Length  -  600  feet  (plans  &  measured) 

(3)  Height  -  19±  feet 

(4)  Top  Width  -  14+  feet 

(5)  Side  slopes. 

(a)  Downstream  -  IV  on  5H  (measured) 

(b)  Upstream  -  IV  on  5H  (measured  to  water  level) 

(6)  Zoning  -  Homogeneous 
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(7)  Impervious  core  -  Homogeneous 


f 


> 

(8)  Cutoff  -  Plans  show  3  feet  minimum  depth,  10  feet  bottom 

width  and  IV  on  1H  side  slopes.  Mr.  Hulse  reported 
that  the  cutoff  extended  to  about  10  feet  in  depth 
and  was  bottomed  in  clay. 

(9)  Grout  curtain  -  None 

(10)  Wave  protection  -  Vegetated  earth 

(11)  Orains  -  None 

h.  Diversion  Channel  and  Regulating  Tunnel.  None 

i.  Spillways. 

(1)  Principal 

(a)  Type.  A  24-inch  corrugated  metal  pipe  conduit  equipped 
with  a  "gooseneck"  type  corrugated  metal  pipe  inlet. 

The  invert  elevation  of  the  inlet  can  be  adjusted  by 
rotating  the  inlet. 

(b)  Crest  (invert)  elevation  -  97.0  (Conduit  invert  eleva¬ 

tion  at  juncture  with  inlet. 
Maximum  rotation  of  inlet 
would  result  in  an  inlet 
invert  elevation  of  99. 0±. 

97.0  is  used  in  the  hydraulic/ 
hydrologic  analysis  of  this 
dam) . 

Outlet  (invert)elevation  -  83.6 

(c)  Length  -  135  feet 

(2)  Emergency 

(a)  Type  -  An  uncontrolled  vegetated  earth  spillway  exca¬ 

vated  through  the  right  abutment.  Bottom  width  - 
approximately  60  feet.  Side  slopes  vary.  See 
Plate  C-2  for  inlet  and  exit  slopes. 

(b)  Control  section  -  Graveled  road  approximately  10-feet 

in  width  following  the  centerline  of 
dam. 

(c)  Crest  elevation  -  99.2 
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(d)  Upstream  Channel  -  Open  and  clear  -  vegetated. 

(e)  Downstream  Channel  -  Open  and  clear  -  vegetated. 

Discharges  directly  into  lower 
reservoir  approximately  400  feet 
downstream  from  centerline  of 
this  dam. 

gulating  Outlets.  None 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

Rudimentary  design  assistance  was  provided  by  the  Soil  Conservation 
Service,  New  London,  Missouri.  One  plan  sheet  prepared  by  SCS  was 
obtained  from  the  New  London  office  and  is  included  within  this 
report  as  Plate  C-3  in  Appendix  C.  Differences  between  data  shown 
on  the  plan  sheet  and  actual  construction  are  referred  to  throughout 
this  report  as  well  as  on  the  typewritten  insert  which  has  been 
added  in  the  preparation  of  Plate  C-3. 

2.2  CONSTRUCTION 

No  construction  data  were  available.  Mr.  Hulse  reported  that  the 
dam  was  constructed  in  1968.  He  also  reported  that  the  embankment 
slopes  were  constructed  flatter  than  shown  on  the  plans  and  that  the 
cutoff  trench  was  about  10  feet  in  depth  and  bottomed  in  clay. 

2.3  OPERATION 

a.  A  2-inch  steel  pipe  passes  through  the  dam  along  the  principal 
spillway  conduit.  A  control  valve  is  located  near  the  downstream 
toe  of  the  dam.  Flow  from  this  pipe  can  be  directed  into  the 
lower  lake  or  into  a  pumping  station  located  downstream  from  the 
left  end  of  the  dam  for  fire  protection  and  other  water  uses. 

Mr.  Hulse  reported  that  the  pump  station  was  no  longer  needed 
or  used  since  the  water  system  had  been  completed  for  the  develop 
ment  and  that  the  pump  station  was  to  be  removed. 

b.  The  "gooseneck"  type  principal  spillway  inlet  is  an  operating 
feature  of  this  dam  since  it  can  be  rotated  in  order  to  adjust 
the  spillway  invert  elevation.  At  the  date  of  inspection  the 
invert  elevation  of  the  "gooseneck"  inlet  was  lower  than  the 
invert  elevation  of  the  spillway  conduit  to  which  it  is  connected 
Maximum  rotation  of  the  inlet  upwards  could  raise  the  level  of 
the  water  in  the  reservoir  to  the  approximate  level  of  the  con¬ 
trol  section  of  the  emergency  spillway. 

2.4  EVALUATION 

a.  Availability.  All  available  data  were  readily  provided  by  the 
Soil  Conservation  Service. 

b.  Adequacy.  The  field  surveys,  visual  observations  and  plans 
presented  herein  are  considered  adequate  to  support  the  conclu¬ 
sions  of  this  report.  Seepage  and  stability  analyses  comparable 
to  the  requirements  of  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered  a 
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deficiency.  These  seepage  and  stability  analyses  should  be 
performed  for  appropriate  loading  conditions  (including  earth¬ 
quake  loads)  and  made  a  matter  of  record. 

c.  Validity.  Data  that  were  available  are  considered  to  be  valid, 
as  modified  during  construction. 


i 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  Lake  Hannibal  Estates  Dam 
was  made  on  October  8,  1980.  Engineers  from  Hoskins-Western- 
Sonderegger,  Inc.,  Lincoln,  Nebraska,  making  the  inspection 
were: 


Rey  S.  Decker  -  Geotechnical 

Garold  G.  Ulmer  -  Hydraulics  and  Hydrology 

Gordon  Jamison  -  Hydraulics  and  Hydrology 

The  owner  was  represented  during  the  inspection  by  Mr.  Tom 
Hulse. 

b.  Geology  and  Soils  (abutment  and  embankment).  This  site  is  sit¬ 
uated  in  the  loess-till  central  Mississippi  physiographic  area. 
Upland  soils  in  the  area  consist  of  the  Menfro  and  Winfield 
series  developed  on  loess  and  the  Lindley  developed  on  glacial 
till  on  the  lower  slopes.  These  loess  and  till  materials  mantle 
the  Mississippian  age  Kinderhookian  series  of  the  Hannibal  for¬ 
mation  and  the  Chauteau  group.  These  bedrock  formations  consist 
of  fissile  siltstones,  shales,  and  undifferentiated  limestone  and 
dolomite. 

The  only  significant  structural  feature  in  the  area  is  the  NW-SE 
trending  Lincoln  Fold,  the  axis  of  which  is  about  one  mile  west 
of  the  site.  No  significant  faulting  has  been  recognized  in  the 
area. 

The  site  is  located  in  Seismic  Zone  1  with  minor  probability  of 
earthquake  damage.  The  only  reported  earthquake  within  25  miles 
is  the  August  8,  1930  quake  of  IV  Modified  Mercalli  intensity. 

Materials  in  the  embankment  and  the  abutments  were  sampled  by 
hand  auger  and  were  field  classified  as  CL  loessial  soils. 

Neither  glacial  till  nor  bedrock  are  exposed  at  this  site. 
Limestone  float  rocks  were  observed  on  the  lower  slopes  of 
the  right  (south)  abutment  of  the  lower  dam  (MO  10061)  some 
1500  feet  downstream  from  this  dam. 

Catastrophic  collapse  due  to  solution  cavitation  in  underlying 
carbonate  bedrock  is  not  reported  in  this  vicinity.  No  evidence 
for  this  hazard  was  observed  at  the  site  or  in  the  valley.  Low 
yields  in  local  wells  are  evidence  of  the  low  transmissivity  and 
secondary  porosity  in  the  limestones  and  dolomites. 


-10- 


c .  Oam . 


(1)  Upstream  Slope.  The  upstream  slope  is  well  vegetated.  No 
cracks  or  deformations  were  observed.  Some  erosional  damage 
was  observed  on  the  slope  extending  2  or  3  feet  vertically 
above  present  lake  level.  Some  of  the  eroded  areas  had  been 
stabilized  with  small  size  riprap.  One  active  erosional 
area  was  observed  between  stations  5+00  and  5+25.  This 
area  has  cut  into  the  face  about  8  feet  horizontally  and 

has  a  vertical  scarp  about  2  feet  deep.  Mr.  Hulse  reported 
that  he  places  riprap  whenever  the  erosion  becomes  signi¬ 
ficant  and  that  he  plans  to  repair  this  area  in  the  near 
future.  The  slope  of  the  upstream  embankment,  as  determined 
during  the  inspection,  is  IV  on  5H  as  compared  to  IV  on  3H 
as  shown  on  Plate  C-B.  There  was  no  evidence  to  indicate 
that  an  upstream  berm  was  constructed.  Photos  2  and  10 
show  the  upstream  face,  and  Photo  No.  11  shows  the  active 
erosional  area. 

(2)  Crest.  The  crest  is  well  graveled  and  serves  as  an  access 
road  for  the  development.  No  cracks  or  serious  erosion 
were  observed  on  the  crest.  The  profile  of  the  crest, 
shown  on  Plate  C-2,  Appendix  C,  shows  a  distinct  hump  in 
the  crest  with  top  elevation  of  102.2  for  a  distance  of  50 
feet±  either  side  of  the  principal  spillway  (comparable  to 
settled  elevation  of  102  shown  on  Plate  C-3).  The  remainder 
of  the  dam  is  below  the  settled  top  elevation  shown  on 
Plate  C-3  with  a  low  elevation  of  100.3  at  the  extreme  left 
(stations  0+00  to  0+50)  and  100.2  at  station  6+00  on  the 
extreme  right  at  the  left  edge  of  the  emergency  spillway. 
There  was  no  evidence  that  would  indicate  that  the  dam  has 
been  overtopped.  Photos  3,  8  and  9  show  the  crest. 

(3)  Downstream  Slope.  The  downstream  slope  is  very  well  vege¬ 
tated  with  adapted  grasses  and  is  well  mowed  and  maintained. 
No  cracks,  erosion,  bulges,  slides,  deformations,  tree 
growth  or  rodent  activity  were  observed.  No  evidence  of 
seepage  was  observed  on  the  slope,  in  the  abutment  troughs 
or  along  the  toe.  The  slope  of  the  downstream  embankment, 
as  determined  during  the  inspection,  is  IV  on  5H  as  com¬ 
pared  to  IV  on  4H  as  shown  on  Plate  C-3.  Photos  3,  4  and  8 
show  the  downstream  slope. 

A  wet  spot  with  standing  water  was  observed  outside  of  the 
toe  downstream  from  about  station  2+50.  Mr.  Hulse  reported 
that  this  is  the  pump  station  that  is  no  longer  used.  It 
consists  of  a  1000-gallon  tank  equipped  with  a  float  valve 
system  connected  with  the  2-inch  pipe  near  the  outlet  of 
the  principal  spillway.  Apparently  the  float  valves  are 
not  operating  effectively  thus  allowing  the  tank  to  overfill. 


-11- 


This  water  around  the  lift  station  does  not  appear  to  have 
any  connection  with  seepage  through  the  abutment.  Mr.  Hulse 
said  that  he  plans  to  disconnect  the  inflow  pipe  at  the  valve 
near  the  principal  spillway  and  to  remove  the  storage  tank 
and  lift  pump.  Photo  No.  17  shows  the  wet  spot  and  the  top 
of  the  storage  tank.  Photo  No.  15  shows  an  excavated  area 
just  left  of  the  spillway  pipe  where  Mr.  Hulse  had  uncovered 
the  valve  on  the  2-inch  pipe  from  the  lake  that  supplies 
water  to  the  lift  station.  Mr.  Hulse  plans  to  provide 
access  for  the  valve  and  to  refill  this  area. 

d.  Appurtenant  Structures. 

(1)  Principal  Spillway. 

(a)  Inlet  Structure.  The  24-inch  corrugated  metal  pipe 
spillway  was  designed  with  a  conventional  uncontrolled 
hooded  inlet  (Plate  C-3).  A  manually  controlled 
"gooseneck"  type  inlet  was  added  to  the  inlet  end  of 
the  spillway  in  lieu  of  the  hood  inlet.  This  inlet 
can  be  manually  rotated  to  provide  control  over  the 
elevation  of  the  normal  pool.  The  inlet  was  open  and 
free,  and  no  deterioration  of  the  metal  structure  was 
apparent.  Photos  5  and  6  show  the  inlet  of  the  prin¬ 
cipal  spillway. 

(b)  Conduit.  The  conduit  consists  of  about  135  feet  of 
24-inch  diameter  corrugated  metal  pipe.  No  deteriora¬ 
tion  of  the  metal  was  observed  at  the  inlet  or  outlet 
ends  of  the  pipe.  Mr.  Hulse  reported  that  the  pipe 
was  double-dipped  and  coated.  Photos  7,  14  and  15  show 
the  outlet  of  the  conduit. 

(c)  Stilling  Basin.  The  principal  spillway  discharges 
directly  into  the  lower  reservoir  as  shown  in  Photos 
7  and  15. 

(2)  Emergency  Spillway.  The  emergency  spillway  is  cut  through 
the  right  abutment  as  opposed  to  the  left  abutment  as  shown 
on  Plate  C-3.  The  entire  channel  is  well  vegetated  with 
adapted  grasses.  A  retaining  dike  along  the  left  side  of 
the  spillway  exit  channel  diverts  flows  away  from  the  em¬ 
bankment.  The  spillway  discharges  into  the  lower  reservoir. 
Mr.  Hulse  reported  that  the  emergency  spillway  operated  in 
1973  with  a  flow  depth  of  about  6  inches. 

The  graveled  access  road  passes  across  the  spillway  and 
serves  as  the  control  section.  Photos  No.  12  and  13  show 
the  emergency  spillway. 
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(3)  Low-Level  Outlet.  The  only  low-level  outlet  consists  of  a 
2-inch  steel  pipe  through  the  dam  located  along  the  left 
side  of  the  principal  spillway.  This  outlet  is  controlled 
by  a  valve  at  the  downstream  end.  Discharge  from  this  pipe 
can  be  directed  into  the  lower  reservoir  or  into  the  pump 
station  previously  described.  Photo  No.  16  shows  the  exca¬ 
vation  over  the  valve  on  this  outlet  pipe. 

e.  Reservoir  Area.  The  shore  line  of  the  reservoir  is  well  vege¬ 
tated  with  grass.  No  significant  erosion  was  noted  around  the 
reservoir.  There  was  no  evidence  of  abnormal  siltation  in  the 
reservoir.  Photo  No.  5  shows  a  portion  of  the  reservoir  area. 

f.  Downstream  Channel .  The  discharges  from  this  reservoir  flow 
directly  into  the  lower  reservoir  (MO  10061). 

3.2  EVALUATION 

This  struc*ure  appears  to  be  in  excellent  structural  condition  with 
no  appaiant  potential  of  failure.  No  seepage  through  the  dam  or 
abutments  was  observed,  and  the  abnormally  flat  slopes  should  provide 
adequate  safety  against  shear  failures  in  a  dam  of  this  height  and 
composition.  A  few  minor  deficiences  in  maintenance  (erosion  of  the 
upstream  face  and  open  excavation  along  the  left  side  of  the  princi¬ 
pal  spillway  outlet)  could  ultimately  impair  the  safety  of  the  struc¬ 
ture  and  should  be  corrected. 

The  source  of  water  around  the  lift  station  downstream  from  station 
2+50  is  reported  as  leakage  from  the  storage  tank.  This  reported 
source  should  be  verified  and  eliminated  by  repairing  or  removing 
the  system. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  pool  level  is  generally  controlled  by  rainfall,  infiltration, 
evaporation,  and  the  capacity  of  the  uncontrolled  spillways.  The 
only  controlled  outlet  consists  of  a  2-inch  steel  pipe  (with  valve) 
through  the  embankment. 

The  "gooseneck"  type  inlet  on  the  principal  spillway  presently 
keeps  the  normal  pool  level  at  the  planned  elevation  of  97.0; 
however,  it  could  be  rotated  upward  to  raise  the  normal  pool  ele¬ 
vation  to  a  maximum  elevation  of  99. 0±. 

4.2  MAINTENANCE  OF  DAM 

The  dam  is  mowed  regularly  and  is  neat  and  clean  in  appearance. 
Maintenance  of  the  upstream  slope  is  reportedly  done  as  needed. 

One  eroded  spot  (station  5+00  -  5+25)  needs  to  be  repaired  in  the 
near  future. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  2-inch  outlet  system  is  operable  but  has  not  been  used  for  a 
few  years. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 
There  is  no  warning  system  in  effect  for  this  dam. 

4.5  EVALUATION 

Maintenance  of  this  structure  is  generally  good.  Prevention  and/or 
repair  of  erosion  on  the  upstream  slope  should  be  done  on  a  regular 
basis  rather  than  waiting  until  it  becomes  serious. 

The  "gooseneck"  type  inlet  on  the  principal  spillway  should  be  re¬ 
moved  or  rivetted  in  place  to  prevent  raising  the  normal  pool  level 
above  elevation  97.0. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  One  plan  sheet  containing  design  data  was  obtained 
from  the  New  London,  Missouri  SCS  office  and  is  included  as  Plate 
C-3  in  Appendix  C  of  this  report. 

b.  Experience  Data.  The  drainage  area,  reservoir  surface  area,  and 
elevation-storage  data  were  developed  from  the  USGS  Rensselaer, 
Missouri  7-1/2-minute  topographic  quadrangle  map.  The  hydraulic 
computations  for  the  spillway  and  dam  overtopping  discharge  ratings 
were  based  on  data  collected  in  the  field  at  the  time  of  the  field 
inspection.  Hydrologic  computations  are  attached  as  Appendix  D  of 
this  report. 

c.  Visual  Observations. 

(1)  The  principal  spillway  conduit  appears  to  be  in  excellent 
condition.  No  deterioration  of  the  corrugated  metal  pipe 
was  observed  at  either  inlet  or  outlet  end.  The  "gooseneck" 
type  inlet  which  can  be  adjusted  by  rotation  upward  to 
increase  the  level  of  the  water  impounded  behind  the  dam 

is  a  cause  of  concern  for  reasons  as  stated  in  paragraph  5. Id., 
below. 

(2)  The  emergency  spillway  is  well  vegetated  on  both  sides  of  the 
graveled  road  control  section  as  shown  in  Photos  12  and  13. 

A  retaining  dike  along  the  left  side  of  the  exit  channel 
will  divert  flows  away  from  the  downstream  toe  of  the  dam. 

The  downstream  channel  is  unobstructed  and  is  well  maintained. 

(3)  Erosion  damage  on  the  upstream  slope  should  be  repaired  and 
measures  taken  to  stabilize  the  slope. 

(4)  The  presence  of  bends  in  the  principal  spillway  inlet  and  the 
absence  of  a  trash  rack  may  result  in  the  blockage  of  the 
spillway  by  debris  resulting  in  a  reduced  spillway  capacity. 

d.  Overtopping  Potential.  The  spillways  are  too  small  to  pass  50% 
of  the  probable  maximum  flood  without  overtopping  the  dam.  The 
spillways  will  pass  14%  of  the  probable  maximum  flood  and  the 
10%  probability  flood  without  overtopping.  The  spillways  will 
not  pass  the  1%  probability  flood  without  minor  overtopping 
(less  than  .3  foot  for  two  hours).  The  hydraul ic/ hydro logic 
analyses  of  this  dam  is  based  on  an  invert  elevation  of  97.0 
for  the  principal  spillway  (elevation  of  the  principal  spill¬ 
way  conduit  at  connection  to  the  "gooseneck"  type  inlet).  Rota¬ 
tion  of  the  inlet  upwards,  resulting  in  the  inlet  invert  elevation 
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being  higher  than  the  conduit  invert  elevation,  will  result 
in  an  increase  in  the  volune  of  water  impounded  behind  the  dam 
and  also  a  decrease  in  the  amount  of  storm  runoff  that  can  be 
stored  prior  to  flow  occurring  through  the  emergency  spillway. 

The  possibility  of  overtopping  at  both  ends  of  the  dam  is  enhanced 
by  raising  the  elevation  of  the  invert  of  the  inlet.  With  the 
"gooseneck"  type  inlet  raised  to  the  highest  position  (invert 
at  99.0  ft)  the  spillway  capacity  would  be  lowered  to  104  cfs, 
the  spillways  would  pass  7%  of  the  PMF,  and  the  spillways  would 
not  pass  the  10%  probability  flood  without  overtopping  the  dam. 
Overtopping  of  a  dam  should  always  be  avoided.  Overtopping 
would  be  dangerous  because  the  flow  of  the  water  over  the  crest 
could  erode  the  downstream  face  of  the  dam  and,  if  continued 
long  enough,  could  breach  the  dam  with  sudden  release  of  all  of 
the  impounded  water  onto  the  downstream  floodplain.  It  is  recom¬ 
mended  that  the  "gooseneck"  type  inlet  be  replaced  with  a  hood 
inlet  or  that  it  be  rivetted  in  place  with  its  invert  at  elevation 
97.0  or  lower. 


The  results  of  the  routings  through  the  dam  are  tabulated  in 
regards  to  the  following  conditions: 


Frequency 

Inflow 
Discharge 
c.f .s. 

Outflow 
Discharge 
c.f .s. 

1% 

1260 

230 

1/2  PMF 

2090 

1800 

PMF 

4180 

3840 

0.14  PMF 

600 

136 

Maximum 

Pool 

Elevation 

*Maximum 
Depth 
Over  Dam 
Feet 

Duration 
Over  Top 
Hours 

100.5 

0.3 

2 

101.5 

1.3 

6 

102.1 

1.9 

9 

100.2 

0 

- 

*Minimum  top  of  dam  elevation  -  100.2  feet. 


According  to  the  recommended  guidelines  from  the  Department  of  the 
Army,  Office  of  the  Chief  of  Engineers,  this  dam  is  classified  as 
having  a  high  hazard  potential  and  a  small  size.  Therefore,  the 
1/2  PMF  to  PMF  is  the  test  for  the  adequacy  of  the  dam  and  its 
spillway. 


The  estimated  damage  zone  is  described  in  Paragraph  1 . 2d  in  this 
report. 


-16- 


SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observation.  Based  on  visual  inspection  this  dam  appears 
to  be  structurally  stable.  There  is  no  evidence  of  slips,  slides, 
cracking,  seepage,  rodent  borrows  or  deformations.  The  abnormally 
flat  slopes  should  provide  adequate  safety  against  shear  failures. 

b.  Design  and  Construction  Data.  Design  data  as  shown  on  Plate  C-3 
were  available  for  this  dam.  Seepage  and  stability  analyses  com¬ 
parable  to  the  requirements  of  the  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams"  were  not  available,  which  is  considered 
a  deficiency. 

c.  Operating  Records.  The  small  operating  facility  for  this  dam  has 
not  been  used  for  several  years. 

d.  Post  Construction  Changes.  The  inspection  team  is  not  aware  of 
any  post-construction  changes.  The  embankment  slopes  were  flat¬ 
tened,  and  the  inlet  to  the  principal  spillway  was  modified  dur¬ 
ing  construction. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1.  An 
earthquake  o'f  the  magnitude  predicted  in  this  area  is  not  expected 
to  cause  structural  failure  of  this  dam. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  Based  on  visual  inspection,  this  dam  appears  to  be  in 
excellent  structural  condition,  and  maintenance  is  generally 
good.  There  were  no  cracks,  bulges,  slides  or  abnormal  deforma¬ 
tions  that  would  indicate  structural  stress.  The  dam  is  free 
of  tree  and  brush,  and  no  rodent  activity  was  observed.  There 
was  no  seepage  along  the  toe  of  the  dam  or  in  either  abutment 
trough.  The  crest  is  used  as  a  road  and  is  well  graveled. 

The  downstream  slope  and  the  emergency  spillway  are  well  vegetated, 
and  there  was  no  evidence  of  erosion  in  either.  The  upstream 
slope  is  also  well  vegetated.  Some  erosional  damage  was  observed 
on  the  upstream  slope  which,  if  not  repaired,  could  ultimately 
impair  the  safety  of  the  dam.  An  open  excavation  along  the 
left  side  of  the  outlet  end  of  the  principal  spillway  conduit 
should  be  repaired. 

The  water  standing  in  the  wet  spot  near  the  pump  station  down¬ 
stream  from  the  toe  of  the  dam  is  apparently  overflow  water 
from  the  tank  at  the  pump  station.  The  pump  station  is  no 
longer  used  and  will  be  removed. 

The  approximate  hydraulic/hydrologic  analyses  performed  for 
this  dam  were  based  on  the  invert  elevation  of  the  adjustable 
"gooseneck"  type  inlet  being  set  at  the  elevation  of  the  princi¬ 
pal  spillway  conduit  at  the  point  of  connection  with  the  inlet 
section  (97.0).  These  analyses  indicate  that  minor  overtopping 
(0.3  foot  for  a  period  of  2  hours)  could  be  expected  for  the 
1%  probability  flood.  50%  of  the  probable  maximum  flood  would 
overtop  the  dam  by  1.3  feet  for  a  period  of  6  hours.  In  accord¬ 
ance  with  the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams"  the  capacity  of  the  spillways  is  inadequate  for  a  small 
dam  having  a  high  hazard  potential  rating.  Rotation  of  the 
"gooseneck"  type  inlet  to  its  highest  invert  elevation  (99.0) 
would  result  in  the  spillways  not  being  able  to  pass  the  10% 
probability  flood  without  overtopping  the  dam.  It  is  recommended 
that  the  "gooseneck"  type  inlet  be  replaced  with  a  hood  inlet 
or  that  it  be  rivetted  in  place  with  its  invert  at  elevation 
97.0  or  lower. 

The  failure  of  this  dam  by  overtopping  could  suddenly  release 
the  impounded  water  into  the  downstream  reservoir  placing  an 
almost  unbearable  stress  on  the  simultaneously  heavily  stressed 
downstream  dam  (MO  10061)  and  resulting  in  possible  failure 
of  that  dam.  Seepage  and  stability  analyses  comparable  to 
the  requirements  of  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered 
a  deficiency. 
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b.  Adequacy  of  Information.  The  design  data  furnished  by  the  SCS 
and  included  as  Plate  C-3  of  this  report  and  the  measurements  and 
observations  made  during  the  inspection  are  considered  adequate 
to  support  the  conclusions  and  recommendations  presented  in  this 
report.  Seepage  and  stability  analyses  comparable  to  the  require¬ 
ments  of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
were  not  available,  which  is  considered  a  deficiency. 

c.  Urgency.  There  does  not  appear  to  be  an  immediate  urgency  to 
accomplish  the  remedial  measures  recommended  in  paragraph  7.2.b. 

The  item  recommended  in  paragraph  7. 2. a.  should  be  pursued  on  a 
high  priority  basis. 

d.  Necessity  for  Further  Investigations.  Further  investigations 

are  not  required.  ~~ 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  I.  An 
earthquake  of  this  magnitude  is  not  expected  to  be  hazardous 
to  this  dam.  It  is  recommended,  however,  that  the  prescribed 
seismic  loading  for  Seismic  Zone  1  be  applied  in  any  stability 
analyses  performed  for  this  dam. 

7.2  REMEDIAL  MEASURES 

The  following  remedial  measures  and  maintenance  procedures  are  recom¬ 
mended.  All  remedial  measures  should  be  performed  under  the  guidance 
of  a  registered  professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams. 

a.  Alternatives. 

(1)  The  emergency  spillway  size  and/or  the  height  of  dam  should 
be  increased  to  pass  50%  of  the  Probable  Maximum  Flood  with¬ 
out  overtopping.  In  either  case,  the  spillway  should  be 
protected  to  prevent  erosion. 

b.  Operation  and  Maintenance  Procedures. 

(1)  Seepage  and  stability  analyses  comparable  to  the  require¬ 
ments  of  the  recommended  guidelines  should  be  performed  by 
an  engineer  experienced  in  the  design  and  construction  of 
dams. 

(2)  Measures  should  be  taken  to  repair  present  erosion  and  to 
stabilize  the  upstream  slope. 

(3)  The  excavation  to  uncover  the  valve  on  the  2-inch  outlet 
pipe  should  be  filled  and  stabilized.  The  outlet  pipe 
should  be  maintained  and  operated  periodically. 
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(4)  Measures  should  be  taken  to  assure  that  the  elevation  of 
the  invert  of  the  principal  spillway  inlet  does  not  exceed 
97.0. 

(5)  Maintenance  of  the  vegetation  on  the  embankment  and  emer¬ 
gency  spillway  is  excellent  and  should  be  continued. 

(6)  A  trash  rack  should  be  installed  on  the  principal  spillway 
inlet  to  help  in  keeping  the  spillway  open. 

(7)  Periodic  inspections  of  the  dam  should  be  made  and  recorded 
as  part  of  this  project  file. 
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APPENDIX  A 
MAPS 


PLATE  A-l 


VICINITY  MAP 


PHOTO  NO.  2  -  UPSTREAM  FACE  FROM  LEFT  END. 


PHOTO  NO.  3  -  DAM  CREST  FROM  LEFT  END. 


PHOTO  NO.  4  -  DOWNSTREAM  SLOPE  FROM  LEFT  END. 


PHOTO  NO.  5  -  PRINCIPAL  SPILLWAY  INLET  FROM  CREST. 


PHOTO  NO. 


6  - 


PRINCIPAL  SPILLWAY  INLET  WITH  ADJUSTABLE 
HOOD. 


PHOTO  NO.  7  -  PRINCIPAL  SPILLWAY  OUTLET  FROM  CREST. 
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PHOTO  NO.  3  -  DOWNSTREAM  SLOPE  FROM  RIGH'  END. 


PHOTO  NO.  9  -  CREST  FROM  RIGHT  END. 


PLATE  B-5 


» 


PHOTO  NO.  10  -  UPSTREAM  SLOPE  FROM  RIGHT  END. 


PHOTO  NO.  11  -  EROSION  AREA  ON  RIGHT  UPSTREAM  FACE. 


PLATE  B-6 


PHOTO  NO.  12  -  LOOKING  UPSTREAM  IN  EMERGENCY  SPILLWAY 
CHANNEL. 


PHOTO  NO.  13  -  LOOKING  DOWNSTREAM  IN  EMERGENCY  SPILLWAY 
CHANNEL. 


PLATE  B-7 


PHOTO  NO.  -  14  LOOKING 
DOWNSTREAM  AT  PRINCIPAL 
SPILLWAY  OUTLET  PIPE. 


PHOTO  NO.  15  -  LOOKING  FROM  LEFT  TO  RIGHT  AT  PRINCIPAL 
SPILLWAY  OUTLET  PIPE. 


PLATE  B-8 


PHOTO  NO.  18  -  DOWNSTREAM  HAZARDS.  CAMPING  TRAILERS  IN 
PARK  JUST  DOWNSTREAM  FROM  LOWER  RESERVOIR. 


PHOTO  NO.  19  -  DOWNSTREAM  HAZARDS.  TRAILER  HOME.  SMALL 
HOUSE,  AND  NEW  CONSTRUCTION  ON  RIGHT  BANK 
APPROXIMATELY  MILE  BELOW  LOWER  RESERVOIR. 


PLATE  3-10 


APPENDIX  C 
PROJECT  PLATES 


PR  OF! LB  ALONG  CENTER  LINE  OF  EMERGENCY  SPILLWAY 
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APPENDIX  D 

HYDRAULIC  AND  HYDROLOGIC  DATA 


HYDROLOGIC  COMPUTATIONS 


The  SCS  dimensionless  unit  hydrograph  and  the  systemized  computer 
program  HEC-1  (Dam  Safety  Version),  July  1978,  prepared  by  the 
Hydrologic  Engineering  Center,  U.S.  Corps  of  Engineers,  Davis, 
California,  were  used  to  develop  the  inflow  hydrographs  (See  this 
Appendix) . 

a.  Twenty-four  hour,  one  percent  probabilistic  rainfall  for  the  dam 
location  was  taken  from  the  data  for  the  rainfall  station  at 
Kirksville,  MO.  as  supplied  by  the  St.  Louis  District,  Corps  of 
Engineers  per  their  letter  dated  4  March  1980.  The  twenty-four 
hour  probable  maximum  precipitation  was  taken  from  the  curves  of 
Hydrometeorological  Report  No.  33  and  current  Corps  of  Engineers 
and  St.  Louis  policy  and  guidance  for  hydraulics  and  hydrology. 

b.  Drainage  area  =  0.478  square  miles  (306  acres). 

c.  Time  of  concentration  of  runoff  =  32  minutes  (computed  from  the 
"Kirpich"  formula.  This  compares  to  32  minutes  based  on  Calif. 
Hwys  &  P.W.  formula). 

d.  The  antecedent  storm  conditions  for  the  probable  maximum  precipi¬ 
tation  were  heavy  rainfall  and  low  temperatures  which  occurred 

on  the  previous  5  days  (SCS  AMC  III).  The  antecedent  storm  con¬ 
ditions  for  the  one  percent  probabilistic  precipitation  were  an 
average  of  the  conditions  which  have  preceded  the  occurrence  of 
the  maximum  annual  flood  on  numerous  watersheds  (SCS  AMC  II). 

The  initial  pool  elevation  was  assumed  at  the  invert  of  the  prin¬ 
cipal  spillway. 

e.  The  total  twenty-four  hour  storm  duration  losses  for  the  one 
percent  probabilistic  storm  were  1.52  inches.  The  total  losses 
for  the  PMF  storm  were  0.62  inches.  These  data  are  based  on  SCS 
runoff  curve  No.  87  (SCS  Plans)  and  No.  95  for  antecedent  moisture 
conditions  SCS  AMC  II  and  AMC  III  respectively.  The  watershed  is 
composed  entirely  of  SCS  soil  group  D  (Leonard-Mexi co-Putnam  Soil 
Association).  Land  use  is  equally  divided  between  the  usual  farm 
cultivated  crops,  grassland,  and  farmstead  areas. 

f.  Average  soil  loss  rates  =  0.03  inch  per  hour  approximately  (For 
PMF  storm,  AMC  III). 

The  combined  discharge  rating  consisted  of  three  components:  the  flow 
through  the  principal  spillway,  the  flow  through  the  emergency  spill¬ 
way  and  the  flow  going  over  the  top  of  the  dam. 

a.  The  principal  spillway  rating  was  developed  by  using  the  methods 
and  formulas  found  in  SCS  TR  No.  3,  "Hood  Inlets  for  Culvert 
Spillways". 
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b.  The  emergency  spillway  rating  curve  was  developed  using  the  Corps 
of  Engineers,  Water  Surface  Profile  HEC-2  computer  program.  The 
slope-area  method  was  used  assuming  an  estimated  energy  slope  of 
0.016  ft/ft. 

c.  The  flows  over  the  dam  were  determined  by  using  the  dam  overtop¬ 
ping  analyses  (irregular  top  of  dam)  within  the  HEC-1  (Dam  Safety 
Version)  program. 

Floods  were  routed  through  the  reservoir  using  the  HEC-1  (Dam  Safety 
Version)  program  to  determine  the  capabilities  of  the  spillway  and 
dam  embankment  crest.  The  input,  output  and  plotted  hydrographs  are 
attached  in  this  Appendix. 
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